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Abstract
We consider mimetic Horava gravity, where the scalar field of
mimetic gravity was used in the construction of diffeomorphism in-
variant models reducing to Horava gravity in the synchronous gauge.
It will be shown that the surface terms resulting from the variation
of the action constructed will cancel out; therefore, there is no need
for the addition of GibbonsHawkingYork boundary term. The result-
ing surface terms contain higher order space derivatives and no higher
order time derivatives.
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General relativity GR is a classical theory describing gravity through Ein-
stein field equation. It has proven success through several phenomena: the
perihelion of mercury, prediction of black holes, gravitational waves... Al-
though of the huge success that GR has achieved, still it is unable to explain
some points: dark matter, singularities like the big bang and the black holes...
This issue has pushed physicists to modify GR in several ways. Some mod-
ified theories of gravity have aimed to quantize GR as a way to explain Big
bang singularities or the black holes. Approaches to quantum gravity can be
classified into two groups [1].The first group starts from the classical theory
of gravity and then applies the quantization steps. The covariant quantum
gravity is a good example, where one starts from the path integral of the GR
action and then applies the perturbation procedures for the metric around
a background one. The resulting theory has been a non renormalizable one
upon extending it to higher energies. The canonical quantum gravity is an-
other model that belongs to the same group. In this approach, one start
constructing the Hamiltonian of the classical GR theory and then turn into
the quantum one by quantizing the constraints. Special attention should be
taken upon dealing with surface terms [2]. The second group aims to con-
struct a unified quantum theory of all the forces as in string theory. Restoring
renormalizability, by adding higher order derivative terms like RµνR
µν ends
with theories containing ghosts [3]. The emergence of ghosts was mainly
due to the presence of higher order time derivatives. To solve the problem of
ghosts, breaking Lorentz invariance at the UV limit was a successful solution.
The most notable attempt to quantize gravity was the theory of Horava
gravity [4]. Horava chose to break Lorentz invariance by including higher
space derivative terms in the Lagrangian while keeping the time derivatives
up to second order. Although he got a model that is renormalizable, the low
energy limit of the theory was not attained and the negative energy particles
reappeared again [5]. In attempts to make the model covariant by adding
one new field, the property of renormalizability was lost [6].
Other modified GR theories aimed to explain dark matter like the mimetic
dark matter model proposed by Chamseddine and Mukhanov [7]. Their
model is based on the idea of isolation of the scalar degree of freedom of
the metric. Not only it was able to predict dark matter but also predicting
several cosmological solutions [8] and dark energy [9], resolving singularities
[10], [11] and building a ghost free massive gravity model [12].
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The Horava renormalizable gravity suffers from a ghost without mimetic.
Recently, a mimetic Horava gravity model was proposed by Chamseddine,
Mukhanov and Russ. Their model which can regenerate the Horava gravity,
in a diffeomorphism invariant way, without the introduction of ghost-like de-
grees of freedom [13].The idea is to construct, within mimetic gravity, all the
terms needed in Horava gravity using four-dimensional tensors. These terms
will reduce to the wanted form in the synchronous gauge. The scalar field
of mimetic gravity φ was used to write quantities, without introducing new
propagating degrees of freedom, invariant under space diffeomorphisms.
The mimetic Horava action constructed is given by
I =
∫ √−g(∇µ∇νφ∇µ∇νφ− (φ)2 + R˜)d4x (1)
where R˜ = 2Rµν∂µφ∂νφ− R− (φ)2 +∇µ∇νφ∇µ∇νφ.
In this letter, we aim to prove that the surface terms coming from GR
will be canceled by the surface terms resulting from the added terms in the
mimetic Horava action. The main goal behind canceling the surface term is to
perform the Hamiltonian analysis which is the base for canonical quantization
of GR.
Considering first the surface terms emerging in GR, upon variation of the
Hilbert-Einstein action with respect to the metric, a surface integral over the
boundary ∂M is obtained. The surface integral resulting is non-vanishing.
Therefore, in the Hamiltonian quantization of gravity, including boundary
terms in the action is a must. This has been known since years ago [14]. The
inclusion of boundary terms results in obtaining a variational principle that
is well defined and yields the Einstein field equations. This manipulation was
needed because a second order derivative hides in the Ricci scalar R, which
is not allowed in the path integral formalism. To get an action that depends
only on the first derivatives of the metric, these second derivatives terms are
removed by integration by parts. Then the resulting action is quadratic in
first derivatives of the metric. The surface terms resulting are canceled by
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amending the action to [15], [16]
I = − 1
16π
∫
M
d4x
√
gR− 1
8π
∫
∂M
d3x
√
hK (2)
where ∂M is the boundary of M, hab is the induced metric on ∂M , and K is
the trace of the second fundamental form on ∂M . In canonical formulation,
some ignore the presence of the surface term. As a result, certain boundary
terms must be added to the constraint to give a well defined equations of
motion [17].
The remarkable point that we will show here is that starting from the
mimetic Horava action, the signs and the coefficients of the surface terms
will be just right to cancel out. Therefore, there is no need for the Gibbons
Hawking boundary term to be added. The mimetic Horava action (1) can
be rewritten as
I =
∫ √−g(−R − 2∇µ(φ∇µφ) + 2∇σ(∇µ∇σφ∇µφ))d4x (3)
We start by the Einstein Hilbert action
IH =
∫ √−gRd4x (4)
δIH =
∫
γ
Gαβδg
αβ
√−gd4x−
∮
∂γ
ǫhαβδgαβ,µn
µ|h| 12d3y (5)
Where
nµn
µ = ǫ (6)
gµν = ǫnµnν + hµν (7)
Let
I1 =
∫ √−g(−2∇µ(φ∇µφ)d4x) (8)
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and
I2 =
∫ √−g(2∇σ(∇µ∇σφ∇µφ)d4x) (9)
The variation of I1 gives
δI1 = I
′
1
(δφ) + 2
∮
∂γ
∇µφ1
2
gρσgαλ(2δgρλ,σ − δgρσ,λ)∂αφdΣµ (10)
Where
I ′
1
(δφ) = 2
∮
∂γ
∇µφδφdΣµ + 2
∮
∂γ
∂µδφφdΣ
µ. (11)
The variation of I2 term gives
δI2 = I
′
2
(δφ)− 2
∮
∂γ
gρτ(δgµτ,σ + δgστ,µ − δgµσ,τ )∇ρφ∇µφdΣσ (12)
Where
I ′
2
(δφ) = 2
∮
∂γ
∇µ∇σδφ∇µφdΣσ + 2
∮
∂γ
∇µ∇σφ∇µδφdΣσ (13)
The variation in phi terms, I ′
1
(δφ) and I ′
2
(δφ), could be integrated out (surface
of a surface) and will vanish upon setting δφ = 0 on the boundaries.
The question is under what condition (if any) the surface terms, over δgµν ,
of δIH , δI1 and δI2 will cancel out upon addition. Using
dΣµ = nµǫ|h| 12d3y (14)
along with the completeness relation of the metric
gαβ = ǫnαnβ + hαβ (15)
it turns out that the surface terms will cancel out upon the choice of
nµ = ∂µφ. (16)
As a summary, quantizing gravity helps to explain several unsolved prob-
lems by GR. Most quantum gravity theory depends on the Hamiltonian anal-
ysis of GR. The presence of a surface term in the action of GR, generates
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problems in the equations of motion. Mimetic Horava gravity is a new model
which regenerate the Horava gravity without any ghost. Making use of the
vector nµ = ∂µφ, any Lagrangian can be projected to have higher space
derivative terms and no higher time derivative ones. The variation of the
resulting higher space derivative surface terms is capable of canceling the
surface term resulting from the variation of Einstein Hilbert action. This
proves that the Gibbon’s Hawking boundary term are not the only surface
terms that can be used to cancel the surface terms resulting from the vari-
ation of the Einstein Hilbert action. Getting rid of the surface terms makes
the 3+1 splitting of the theory much easier.
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